SPECIFIC POWER OF MHD-CENERATOR 
WITH MOVING MAGNETIC FIELD 


(Local theory of Magnetic Turbine) 


Thi ibe a Ir 
‘ ; a. describes a process patented by Andrew Kazantsev and is protected under all laws 
pplicable. Please communicate via SGN, Inc. representing the interest of the patent holder | 


In this article | consider resolving a MHD equation system for a two-dimension flow of an ionized 
Werking eapons (for example, high temperature gas or plasma) interacting with moving magnetic 
field. Let's use a standard equation system includ 


| | ing the momentum equation, the mui 
equation, the Ohm's law: eG: Kites i ts 


p\ Dv} dt) + grad P = f =] x. 
pv,F =const 


sa 
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where: 


specific electromagnetic force, 
current density, 
magnetic induction, | 
flow speed projection on "x" coordinate, 4 Wx, Vx, Ux, Jx 
- duct cross-section area, i= 
- flow conductivity, 2 Wz, Vz, Uz, Jz 
- electric intensity, 
wt= Pf - Hall's parameter. 


Let's use as positive directions those of currents, fields, and velocities, which are shown on the 
figure. Let's resolve a stationary (0/0t = 0) {two-dimension task, and assume that flow ——— 
don't change (0/0z = 0) along the "z" coordinate (transversal, tangential coordinate) ore a gnc is 
infinite along ’z" coordinate (for example, if this 1s a coaxial ring duct with a constant a 
area F). If to consider an incompressible flow (2 = const) only, the following condition results from 
thesequation (2): 


Vv, = Cans! = Vo (4) 


neem areT fares en EATON 
-—_——_— gee itaeetinstateeaacmep cassie j i 


The way of producitig such’ moving magnetic field is not considered in this article because it 
is a suibjent of the invention in according with the “SU 1486005 AJ” patent. 
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Then, trom tl se diab ) 

Ww equations (1) ¢ . ho 4 
mentioned'abave: ake : 9), King into account the condition (4) and the other limits 
led above, one can pet the following equations: ) Be ee 


ap ; | 
ae a ds? 
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j, = ol-v, E,) +\43 j,B 
j, =v, B-E,) at 7B 


It is more comfortable to rewrite the equations (7) and (8) as the following ones: 


j, = AB By,(1-k, -k,) -v-) 
AB(y,(1-k, +k, B?) + Br, ] 


where: A = o/(1+/), 
k = E.I(By,B) - joad factor of Hall's circutt, 
k, = E,/ (VB) . load factor of Faraday's circutt. 


Let's consider a power balance m a such MHD-generator. The total specific power losing by gas ina 


AV volume is fo 


(11) 


- mass flow rate, 


where: (7 = Volt 
- total difference of enthalpies at the Av part. 


Ah = AP/p 


Substituting the equations (5, 10) to (11), one can get the following equation: 


5 eee l—h, + 8 2k) + Broy,] 
Let's suppose that the total specific power consists of three parts. a specitic power of Joule's loss, @ 
as up. Let's consider these parts: 


specific electric power, and a specific power of running & 


The specific power of Joule's loss is: 


2 22 3 
p =Plozl(e+F)/2 
Taking into account the equations (9, 10), one can get the following equation: 


| canfalicn) «peer thaw 


Taking into account the equations (9, 10), one can get the following equation: 


py = AB*(v2{ B7k,(1~k,) + k.(1-k.)) + Byovlke = ke) , (14) 


lotice. with y = 0 f : 
eaece, “ ith v, = 0 from (14) one can easily get the well-known equations of a specific power for a 
Hall's MHD-generator (with k_ = 0), a sectioned Faraday's one (with k_ = 1 -k,), a non-sectioned 
Faraday's one (with k, = 0), or a diagonal one (with k, = &,). 


At last > enecif “ a ol ; . 2 SY one ' ~C 4 
_ the specific power of running gas up (due to changing the v, speed along a duct) 1s: 


Cy ‘ay | a) rata tae 
a “ase (y . dy) ‘a pv, F| / ( i - dx) — Pro. d({v") 
2 dx 


where: _ difference of enthalpies for running gas up. 


9. Lhe 


g the equations (16, 6, 9) to (15), one can get the following equation: 


Substitutin 
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, ? / 2 | | 
Dong = AD | DV5¥; (1 —~k.- k.| sac | (17) 


Summing the equations (13, 14, 17), one can get the total specific power equation (12) again - it 
confirms a rightness of the source supposition. 


Hence, the absence of a usual limit (v, = 0) results ina significant change of the equations (12, 13, 
14). An equation for the v, speed can be got by integrating the equation (6) with taking into account 
the equation (9): 


AB’ | 
¥, = ese “ae tee pv, (I —k, sik, | (18) 


: 
where: C- constant value defined by boundary state. 
So. the absence of standard limits of duct geomctry allows to get the more common equations for a 
specific power of MHD-generator. It allows to optimize its parameters more totally and to create 


new invention ideas. For example, it could be shown that parameters of a Hall's MHD-generator 
could be significantly improved by optimizing the v, speed in a coaxial duct. 


Because the equati t + (9 1 

iy Wa © equations lor j, and j. (9, 10) are the same, for p, and p,, one can use the equations (15 
), The specitic power of running gas up in an "absolute" coordinate system is: 

7 i 


ae 


pP sist = 


2 
= (w- dw) ( PW, F) I(F - dx) = bail al 
2 dx 


j ] i 2 2 ) 2 
w-dw= 5 aw }= 5 AM +w.)= saw; )= w,-dw, 
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Substituting the equations (27, 23, 9) to (26), one can get the following equation: 


Peas = AB*\y, + u.)| pv, (1 ~K,- k.) - v, | 


Summing the equations (13, 14, 21, 22, 28), one can get the total specific power equation (25) again 
- it confirms a rightness of the source supposition about a possibility of getting a useful turbine 
power from the such MHD-generator. 


An equation for a w, speed can be got by 


integrating the equation (23) with taking into account the 
equations (9, 20): 


29) 


So, the such MHD-generator with a moving magnetic field is really a new type of a turbine in 
which the ionizec 


‘onized working medium flow interacts not with blades but with a magnetic field 
playing a blade s' role. A useful power of a such device is a sum of an electric power and turbine 
powers along "x and Meee, 21, 22): | 


Puseful = 


Bie ae py 7 
y . eae | 
4 o(? (2 = B\l-k, | ( 


From the equation (30) one can get the equations for a specific useful power of any MHD-generator. 
For example, with u,= u,= Vv, > 0 the equation (30) corresponds a specific power of any conduction 
MHD-generator (depending on &, and k,). Therefore, the equation (30) allows to opumize such a 

common model of the MHD-generator-Magnetic-turbine by six non-dimension parameters vJVo. B 

k., k,, uJ¥o, u/Vp order to get an optimal design and characteristics of a such device. In particular, 

this equation shows a possibility of such designs (for example, with k, = k, = 0), when this device 

will work only as a turbine, i.e. will convert a flow energy to a rotor energy only. 


) 


However, let's consider a more cc 
oe ; \ S consider a more common case, when a magnetic field B. moves with speeds u, and u 
; respec e ; . ) - : iss mt eee eur 1° P 1 wai “at - : EL OL CS y & P 
eg pect to a duct without changing its direction along "y". Naturally, all above equations are 
© Sh a Bet dinate re ee ae) a ‘ : » & LA -CQOUALIVIIs < 
\ coordinate system moving together with a magnetic field. To pas: 


~ a \ . . r iy 7 o lite” 
coordinate system ex , bre an 33 to an "absolu 

ate System connected with a duct, one should substi | : 
; | ; : itute the fic oe = Ss 
following equations: : flow speeds according with the 
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gee Wg i, (19) 


(20) 


li 


W.=VL +4, 


“a 


where:: w, Ww, - the flow speeds in an "absolute" coordinate system. 


With’an unmoving magnetic field a useful power is an electric power only, but with a moving 
magnetic field a useful power is also a power of interacting a working medium flow with a magnetic 
held. This power is a kind of a turbine power, and it can be used for mechanical rotation of an 
inductor of a moving magnetic field. Supposing it and taking into account the equations (5, 6, 9, 
10), one can get the following equations for this specific turbine power: ait 


; p, =~-(f,u,) = AB?u,(v,(1-k, + B7k,) + By) (21) 
p. =-(fu)= AB uly, — Ayli-k, —k,}] (22) 


A minus sign in these equations results from the fact that a useful power is a power of a working 
medium flow effecting on a magnetic field inductor, but the force / is a force of a magnetic field 
effecting on a working medium flow, i.e. wa gas speed is reduced the flow makes a positive work 
and gives its energy to a turbine rotor™»» ,,,, 
a eae ie oy 
Lik AB MS ing mn 
aan SE n, 
Let's consider a power balance in an “absolute” coordinate system. Then, the equations (1, 2, 4, 6) 
can be written as the followmg ones: i 
pr Dw/dt] + grad P = f=jxsB 
pw, = cons! a W, = const = W, 


dw, 9 
Pw ay =f, =J,8 (23) 


The total specific power is following: 


Wh GS ,..| AP dP (24) 
Ping ES =( 22) (pg) (08) = ax ' aii 


Substituting the equations (5, 10) to (24), one can get the following equation: 


—) 
‘si 


Protal = —AB*|v, + u,){v,(1 -k +f 2h.) -+ py. | ( 
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(54) MATHUTOPTUDZPOAUHAMUYECKOE YCTPOUCTBO A.H.KASAHLIEBA 
(57) Pecbepart: & 4 71: (70 3 


Uz06peteHue OTHOCUTCA K 
MarHUTOrMApoAUHaMUuecKON TeXHUKE WU MOET ObITb 
UCnONb30BaHO B SHEPreTMKe U TpaHCnopTe B KaYeCTBe 
npeo6pa3soBatena TennoBon gHeprun B 
mMexaHuyeckyio = V/s BNEKTPUYECKyHO. Llenbto 
U3z06peTeHNWA ABNACTCA pacluupeHne 
CDYHKLIVOHANIbHbIX BO3MO>KHOCTeN. YcTpoucTBo 
cogepxuT cTaTop 1 C KONbLIeEBOM KaTyLIKON 3 
NOCTOAHHOrO TOKa, NDOBOAHUKU, BbINONHeEHHbIe B BUDE 
potopa 2, paOouwnw KaHan 10 c 9nektpogamnu 11, 
CKONb3ALMeE KOHTaKTb! 12. Mlpv ABYxKeHUN pabouero 
Tena B KaHane 10 B MarHvTHOM none BO3HUKaeT 
cbapageesckan OC, nog gevcTBuem KOTOpON Yepe3 
anektTpoob! 11, CKONb3AWMe KOHTaKTbI 12 U 
npoBoAALWN poTtop 2 npotekaetT TOK. 
B3saumogeuvctBue 3sToro TOKa C MarHUvTHbIM nonem 
NPUBOAMT K BpaljeHuto poTopa 2. 2 un. 
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(54) MAGNETOHYDRODYNAMIC MACHINE 
(57) Abstract: 


FIELD: magnetohydrodynamic engineering; 
conversion of heat energy into mechanical and/or - 
electrical energy for power’ engineering and NSS x 
transport. SUBSTANCE: machine has stator 1 with CKANS SAN) 
DC toroidal coil 3, conductors made as rotor 2, i am WSS 
working channel 10 with electrodes 11, sliding P ee 


contacts 12. Working medium flow through channel 
10 builds up Faraday voltage in magnetic field 
that causes current flow through electrodes 11, 
sliding contacts 12, and conducting rotor 2. 
Rotor 2 is set in rotary motion due _ to 
interaction between this current and magnetic 
field. EFFECT: enlarged functional capabilities. 2 dwg 
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VUz00peTeHne OTHOCMTCA K MarHUTOMMApOAUHAMUYeECKON TEXHUKE VU MOET ObITb 
UCNONb3OBaHO B 3HEPreTHKe VU TPaHCnopTe B KayYeCTBe NpeobpasoBaTena TeNNOBON SHEPrMn B 
M@XAHVYECKY!0 U/UNN SNEKTPUYECKy1O. 

Llenb uz06peTeHna pacluupeHue CbyHKLWOHANbHbIX BOSMOXKHOCTeEN KOHAYKUMOHHOrO MI f- 
YCTPOUCTBa NYTEM UCNONb3OBaHUA EPO VU B KAYeECTBE ABWDKUTeENA. 

Ha cur. 1 npegcTtaBneHo npeAnaraemMoe YCTPONCTBO, peanu3oBaHHoe Ha 6a3e OAHOrO U3 
BO3MO>KHbIX TUNOB MI f1-reHepatoposB DapageeBckoro, NPOAONbHbIN pa3pe3; Ha dour. 2 TO *e, 
NOnepeyHbin pa3pes. 

YCTPONCTBO COAEPXKUT CbeppOMalrHUTHbIN CTaTOP 1, PeEPpOMarHUTHbIN NPOBOAALWMN poTop 2, 
KONbLIEByIO KATYLUKY 3 MOCTOAHHOPO TOKa, NOGWMNHUKU 4, Ban poTopa 5, AvenekTpuYyecKuNn 
cnon (vzonAuuio) 6, HecbeppomMarHuTHy!O0 YaCTb CTaTOopa 7, Bxog 8 NoTOKa pabouero Tena B 
YCTPOUCTBO, BbIxXOA 9 NOTOKa pabouero Tena U3 yCTpONCTBa, pabounn KaHan 10, sneKTpoOgbI 
11, CKONb3ALUINE KOHTAKTbI 12. 

Notok pa6ouero Tena, GBMKYLYVNcA B paboyem KaHane 10 nonepek MarHuTHOro Nona, 
ucnbiTbiBaet MI J-B3anmogencTBve, BCNeACTBUe YerO B HEM BO3SHUKaeT ChAPaAEEBCKUN TOK, 
KOTOPbIN CHAMAeTCA C SNEKTPOAOB 11 UW HAKOPOTKO 3aMbIKAaeTCA YEPe3 NPOBOAALINe SNEMEHTbI 
poTopa 2. OTOT TOK, BSANMOAeNCTBYA C MarHUTHbIM NONeM, NPUBOAMT pOTOP BO BpalyeHne. 
Mexanuyeckaad SHEpruA BpaleHUA Bana poTopa 5 MoxeT ObITb NerKO Nnpeobpa3soBaHa B 
ONEKTPUYECKY!O TPAQVLIVOHHbIM SNEKTPUYECKUM FTeHEpaTOpOM. 

Ecnu 3nekTpogbl HENOABYDKHbIe, KAHAN MOXKET ObITb FEODMETUUYHbIM, A TOK OT SNEKTPOAOB K 
ABMWKYLUUMCA NPOBOAHUKaM NOABOAMTCA C NOMOLUbHO CKONb3ALUMX KOHTAKTOB, a ECNU SNeKTPObI 
NOGBMKHbIe, KAHAN NPVHLUUNNANbHO HE MOET ObITb AOCONHTHO FEPMETUYHbIM, HO 3aTO 
OTNafaeT HEOOXOAUMOCTb B CKONb3ALUMX KOHTAKTAX, T. €. INEKTPOAbI MOryT ObITb MEXAHUYECKU 
(U, ECTECTBEHHO, INEKTPUYECKN) COEANHEHbI C ABYXKYLUWVMUCA NPOBOAHMKamn. 

YCTPOUCTBO MOXKHO NPUMeHATh U KAK FEHEPATOP SNEKTPUYECKON SHEP, VU KAaK OBUXKUTENb. 
B nocnegHem cnyyae YCTPONCTBO MOXKHO UCNONb3OBaTb B KaYeCcTBe OamMnepHoN cTyneHu 
O6bINHON TpyG6oycTaHOBKN C OOLUMM Banom AnA npecOpa3s0BaHug B HEN TeNNOBON SHEprun. 
Takan CX€Ma MOXKET HAUNT NDUMEHEHVME Kak B SHEPreTUKe, TAK U Ha TpaHCcnopTe (HanpumMep 
Ana rasoTypOuHHbIxX GBUraTenen CamoneTosB). YCTPOUCTBO MOXeET ObITb UCNONb3OBaHO VU Npu 
CO3Q@HUN OAHOKOHTYPpHbIX (T. K. BOSMO>%KHA EFO NONHAA FEPMETUZALINA) ATOMHbIX 
ONeKTPOCTAaHUMN (HanpuMep C ObICTPbIMY 2*KUGKOMeTaNnnuyeckumy UNUM rasocdba3HbIMU 
peakTopamn), TEPMOADEPHbIX SNEKTPOCTAHUMM VU Apyrux SHEPreTUYECKUX YCTAHOBOK. 


Mopmyna u3zo6peteHua 
1. MarHuTormMgpogVutamMuyeckoe YCTPONCTBO KOHAYKLUMOHHOrO Tuna, Comepxalee pabounn 
KaHan C 9NeKTpOAaMN VU MarHUTHytO CUCTeMy, OTNUYAIOLLEECA TEM, YTO, C LIENbIO paCLUMpeHUA 
CbDYHKUNOHANbHbIX BOSMOXKHOCTeEN, OHO HONONHUTENbHO CHaO>KEHO BbINONHEHHbIMN C 
BO3MO>KHOCTbIO NEPEMELIEHUA NPOBOAHMKaMN, 3aMbIKAIOLUVMU SNeKTPOAbI. 
2. YCTPOUNCTBO NO Nn. 1, OTNNYAIOLUEeCA TEM, YTO SNEKTPOAbI COeEANHEHbI C NDOBOAHMKamn. 


Ctpanuua: 3 


Ctpaunua: 4 


The invention relates to magnetohydrodynamic engineering and can be 

used in power engineering and transport as a converter of thermal energy into 

mechanical and / or electrical. 

The purpose of the invention the expansion of the functionality of conductive MG D- 

5 device by using it and as a mover. 

In FIG. 1 shows the proposed device, implemented on the basis of one of 

possible types of Faradayevsky MHD generators, longitudinal section; in fig. 2 is the same 
cross section. 


The device contains a ferromagnetic stator 1, a ferromagnetic conducting rotor 2, 

10 annular coil Z of direct current, bearings 4, rotor shaft 5, dielectric 

layer (insulation) 6, non-ferromagnetic part of the stator 7, inlet 8 of the working fluid flow into 
device, outlet 9 of the working fluid flow from the device, working channel 1 O, electrodes 

11, sliding contacts 12. 


The flow of the working fluid moving in the working channel 10 across the magnetic field, 
15 experiences MG D-interaction, as a result of which a Faraday current arises in it, 

which is removed from the electrodes 11 and short-circuited through the conductive elements 
rotor 2. This current, interacting with the magnetic field, drives the rotor into rotation. 

The mechanical energy of rotation of the shaft of the rotor 5 can be easily converted into 
electric by a traditional electric generator. 


20 If the electrodes are stationary, the channel may be sealed, and the current from the electrodes to 
moving conductors is supplied by means of sliding contacts, and if the electrodes 

movable, the channel basically cannot be absolutely airtight, but 

there is no need for sliding contacts, i.e., the electrodes can be mechanically 

(and, of course, electrically) connected to moving conductors 


25 The device can be used both as a generator of electrical energy and as a propulsion device. 
In the latter case, the device can be used as a bumper stage 

a conventional pipe installation with a common shaft to convert heat energy in it. 

Such a scheme can find application both in the energy sector and in transport (for example 
for aircraft gas turbine engines). The device can also be used with 

30 creation of single-circuit (since its complete sealing is possible) atomic 

power plants (e.g. with fast liquid metal or gas phase 

reactors), thermonuclear power plants and other power plants. 

Claim 


35 1. Magnetohydrodynamic device of conduction type, containing a working 

AO 

45 

50 

channel with electrodes and a magnetic system, characterized in that, for the purpose of expansion 
functional capabilities, it is additionally equipped with 

the ability to move by conductors closing the electrodes. 

2. Device pop. 1, characterized in that the electrodes are connected to conductors. 
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Us00peteHne OTHOCUTCA K MarHUTOMMAposMHaMUyecKoN TeEXHUKe U MOKET ObITb 
UCNONb3OBaHO B SHEpremuke MU TpaHcnopTe B KavecTBe NpeoOpasoBaTena TeENNOBOU SHEprUu B 
MexaHuyecky!o UW/MNU SNeKTPUYeCKyW. 

Llenb uz06peTeHua pacluupeHue CbyHKLMOHANbHbIX BOSMOMKHOCTeM KOHAYKLIMOHHOrO MI f1- 
YCTPOUCTBa NYTEM UCNONb3OBaHUA eFo U B Ka4eCTBe ABMWKUTeNA. 

Ha cbur. 1 npegacTaBneHo npesnaraemoe YCTpOUCTBO, peanusoBaHHOoe Ha 6a3e OAHO!O U3 
BO3MOXKHbIX TUNOB MI f{]-reHepaTopoB PapagseeBcKoro, NPOAONbHbIN paspes; Ha cour. 2 To x*e, 
nonepeyHbin paspes. 

YCTPOUCTBO COJeEpPKUT CbeppomMarHUTHbIN CTaTOp 1, PeppOMarHUTHbIN NPOBOAALUUN poTOp 2, 
KONbLEBYIO KaTYLUKY 3 NOCTOAHHOIO TOKa, NOAWMNHUKU 4, Ban poTopa 5, AvenekTpuyeckun 
cnonu (usonAunio) 6, HecbeppomMarHuTHylO YaCTb CTaTOpa 7, Bxog 8 noTOKa paObouvero Tena B 
YCTPOUCTBO, BbIxXOg 9 NoTOKa pabouero Tena u3 YCTpoucTBa, padbouun KaHan 10, sneKTpogbl 
11, CKONb3SALUMe KOHTAKTHI 12. 

NMotok pabouero Tena, ABYUxKYLUMUCA B paboyvem KaHane 10 nonepek MarHuTHOro nona, 
ucnbitTbiBaet MI {]-B3aumogencTBue, BCNeACTBUe 4erO B HEM BOSHMKaeT ChapadeeBCKUH TOK, 
KOTOPbIA CHAM@eTCA C SNeKTPOAOB 11 WU HAKOPOTKO 3aMbiKaeTCA Yepe3 NPOBOAALINe SNEMeHTHI 
poTopa 2. OTOT TOK, BSAaMMOJeUMCTBYA C Ma@rHUTHbIM NONeM, NPUBOAUT POTOP BO BpalleHue. 
MexaHuyeckad SHeEprua BpaLeHUA Bana poTopa 5 MOXeT ObiTb NerKo npeocOpasoBaHa B 
QNEKTPUYECKYHO TPaAULIMOHHbIM SNEKTPUYECKMM FeEHEpaTOPOM. 

Ecnu 3nektTpogbl HenogBurkKHble, KAHAN MOET ObITb TEPMETMYHbIM, 2 TOK OT SNEKTPOAOB K 
ABYWKYLUUMCA NPOBOAHUKaM NOABOAMTCA C NOMOLLUbIO CKONb3ALUUX KOHTAKTOB, a ECNU SNeKTpOsbl 
NOABUKHbIe, KAHAN NPUHUMNWANbHO HE MOXKET ObITb AOCONIOTHO FEPMETUYHbIM, HO 3aTO 
oTNagaeT HEOOXOAUMOCThb B CKOMb3ALUMX KOHTAKTAX, T. €. SNEKTPOAbI MOryT ObITb MexaHnyecku 
(U, ECTECTBEHHO, SNEKTPUYECKN) COEAMHEHbI C ABMWKYLUMMMCA NPOBOAHMKaMnM. 

YCTPOUCTBO MOXKHO NPUMEHSFTb U Kak FEeHEPAaTOP SNEKTPUYECKON SHEPrMM, MU KaK QBUKUTeNb. 
B nocnegHem cnyyae YCTPOUCTBO MOXKHO UCNOMb3OBaTb B KaYeCTBe OaMNepHoU CTyNeHU 
OObINHOU TpyOoyCTaHOBKN C OOLIMM Banom ANA npeocOpasoBaHya B HEU TeENNOBON SHEprun. 
Takaad CXe€Ma MOET HAMTU NPUMeHeEHMEe Kak B SHEPreruke, Tak MU Ha TpaHcnopTe (Hanpumep 
Ana rasoTypOUHHbixX ABUraTenen CamoneToB). YCTPOUCTBO MOXeT ObITb UCNONb3OBaHO U Np 
CO3MaHUU OAHOKOHTYPHbIX (T. K. BOS3MOMKHAa EfO NONHAA TEPMeETUZALIMNA) ATOMHbIX 
QNeEKTPOCTAHUMM (HanpuMep Cc ObICTPbIMU KUAKOMeTanNnuyecKuMHU UNM rasocpa3sHbIMU 
peakTopamn), TePMOAAepHbIxX SNeEKTPOCTAaHLIMH MU Apyrux SHEpreTUYeCKUX YCTAHOBOK. 


Popmyna usoOpetTeHna 
1. MarHutormugpoguHamueckoe YCTpOMCTBO KOHAYKUMOHHOrO Tuna, com“epKalee pabounn 
KaHan C 9NeKTpOsaMy VU MarHuTHytO CUCTeMy, OTNUYAIOLUEeCA TeM, YTO, C LeNblO pacLuupeHua 
cbyHKLIMOHANbHbIX BOSMOXKHOCTeEN, OHO AONONHUTENbHO CHAO)KEHO BbINONHEHHbIMN C 
BO3MO)KHOCTbIOD NEPEMELUEHUA NPOBOAHMKaMI, 3AaMbIKAIOLUMMU SNeEKTPOAbI. 
2. YCTpovcTBo No N. 1, OTNNYAIOLUEeCA TEM, YTO SNEKTPOAbI COePAMHEHbI C NPOBOAHUKAaMM. 
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